A case control study was carried out to determine the value of sperm chromatin condensation in the assessment of male fertility. A total of 165 semen samples from 90 patients (cases) and 75 healthy donors (control) were examined for chromatin condensation (aniline blue staining), as well as conventional sperm parameters, notably sperm morphology, sperm count, and progressive motility. Whereas only 55 ± 12.0% of the samples from the infertile patients were unstained by aniline blue (chromatin condensed), 78 ± 19.0% of the samples in the control group did not take up the stain (chromatin condensed). A significant difference (p < .001) was observed between the two groups. Similarly, the difference between the mean percentage of morphologically normal spermatozoa for the infertile patients (12.1 ± 1.2%) and the control (23.9 ± 1.9%) was very significant (p < .001). In addition, only 50 out of the 90 patients (55.5%) had a normal sperm count, whereas all the 75 (100%) were normal in the control group. By comparing between the two groups a significant difference (p < .001) was also observed. Furthermore, a significant difference (p < .001) was also found between the cases and the control with regard to the percentage of spermatozoa illustrating linear progressive motility (40 ± 9.7% vs. 70 ± 12.3%). However, no correlation was found between sperm chromatin condensation and morphology, count, and motility. This study suggests that chromatin condensation constitutes a valuable parameter in the assessment of male fertility, completely independent of conventional sperm parameters. Consequently, the inclusion of chromatin condensation to routine laboratory investigations of semen prior to assisted reproduction is strongly recommended .
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In spite of the numerous treatment regimens that have been employed over the years, medical treatment of male infertility has largely been a failure. However, thanks to the advent of assisted reproduction technology (ART), many subfertile men today have the chance of realizing their dream of biological fatherhood, the severity of their condition not withstanding. Semen analysis constitutes the most important investigation of male infertility [17] , with sperm morphology, motility, and concentration representing the three most important factors in the assessment of male reproduction potential [16] . Although this holds true for natural conception, these parameters have not been proven to be equally important in ART. Therefore, there is still a need to develop more sensitive diagnostic techniques capable of identifying subfertile states that are amenable to the few therapeutic options available [1] .
It has been postulated that the existence of subtle sperm abnormalities that are unrecognized by conventional semen analysis may explain reproduction failure in men [4] . Such structural or biochemical defects are thought to be associated with chromatin packaging in the sperm nucleus [22] . Poor chromatin packaging and possible DNA damage may contribute to failure of sperm decondensation and subsequently fertilization failure [18] or habitual abortion following fertilization [13] . Therefore, a greater understanding of the molecular basis of male infertility may be essential in broadening knowledge on the effect of abnormal spermatozoa on fertilization and embryo development [19] .
The degree of chromatin condensation can be assessed with the aid of acidic aniline blue staining, which discriminates between lysine-rich histones and arginine-and cystein-rich protamines [12] . This technique gives a specific positive reaction for lysine and reveals differences in basic nuclear protein composition of ejaculated human spermatozoa. Histone-rich nuclei of immature spermatozoa are rich in lysine and will consequently take up the blue stain. On the other hand, protamine-rich nuclei of mature spermatozoa are rich in arginine and cysteine and contain relatively low lysine [5, 8] and will not be stained by aniline blue. This study was carried out to determine the value of sperm chromatin condensation in the assessment of male fertility potential.
MATERIALS AND METHODS
A total of 165 semen samples were collected from 90 men attending our andrology and IVF laboratory for infertility disorders (cases) and 75 healthy donors (control). The samples were evaluated for chromatin condensation, sperm morphology, concentration, and linear progressive motility. Semen samples were obtained by masturbation following a 3-5-day sexual abstinence. Many smears were prepared before and after semen processing by the swim-up technique, air dried, and fixed for 30 min in 3% glutaraldehyde in phosphate-buffered saline for the assessment of morphology and nuclear maturity which was carried out by the aniline blue staining method [20] .
The smear was stained for 5 min in 5% aqueous aniline blue solution (pH 3.5). Sperm heads containing immature nuclear chromatin stain blue (chromatin not condensed) and those with mature nuclei do not take up the stain (chromatin condensed). The percentage of spermatozoa stained with aniline blue was determined by counting 200 spermatozoa per slide under a bright-field illumination at a magnification of 100. Depending on the proportion of sperm head stained by aniline blue and using 25% as the cutoff point, samples were classified into two categories: good quality (unstained, chromatin condensed) and bad quality semen (stained, chromatin uncondensed). Semen quality was evaluated according to WHO guidelines [21] , except for morphology, which was evaluated according to strict criteria [15] . 
Statistical Analysis
The statistical analysis was performed using the SPSS-PC package, including the calculation of the differences, standard deviations, significance of difference, as well as the KruskalWallis test for nonparametric comparisons and the Mann-Whitney U test for two non-paired data. The Spearmann rank correlation coefficient was used to determine the correlation between two variables. The results are expressed as means ± standard deviations and a p value of less than .05 was considered statistically significant.
RESULTS
The mean age of the patients and controls was 34 ± 4.0 years (range 29-40). The mean percentage of morphologically normal spermatozoa ( according to strict criteria) was 12 ± 1.2% for the patients samples and 23.9 ± 1.9% for the control group (p < .001). The most frequent sperm abnormalities were represented by amorphous (35 ± 4.0%), microcephalic (11.7 ± 1.9%), and elongated spermatozoa (9.1 ± 1.7%), as well as spermatozoa with tail abnormalities (8 ± 1.2%). When classified according to the three main segments of a sperm cell, head abnormalities were most frequent (60 ± 3.2%), followed by tail (8 ± 1.2%) and midpiece abnormalities (4.7 ± 1.9%). A similar trend was observed in the control group.
A cutoff point of 20 × 10 6 mL [21] was used to distinguish between normal (count 20 × 10 6 /mL) and subnormal semen (count <20 × 10 6 /mL). Whereas only 50 out of the 90 patients (55%) had a normal sperm count, all the 75 (100%) had a normal sperm count in the control group. By comparing between the two groups a significant difference (p < .001) was observed. Similarly, a significant difference (p < .001) was shown between the patient samples and the control with regard to the percentage of spermatozoa in the ejaculate, illustrating linear progressive motility (40 ± 9.7% and 70 ± 12.3%, respectively). On the other hand, whereas only 55 ± 12.0% of the samples from the cases were unstained by aniline blue (chromatin condensed), 78 ± 19% of the samples in the control group did not take up the stain (chromatin condensed). A significant difference (p < .001) between the two groups was also observed. A correlation between chromatin condensation and morphology, count, and motility was demonstrated neither in the patients nor in the control group (Tables 1, 2) . 
DISCUSSION
In this study, a significant difference was found between patients and control group with regard to normal morphology of spermatozoa (12.1 ± 1.2% vs. 23.9 ± 1.9%, p = .001), chromatin condensation (55 ± 12% vs 78 ± 19.0%, p = .001), and motility (40 ± 9.7% vs. 70 ± 12.3%, p = .001) ( Table 1 ). In spite of the divergence in viewpoints concerning the value of the different semen parameters in the assessment of male fertility, most authors are unanimous that sperm morphology, motility, and concentration represent the three most important factors. Although this holds true for natural conception, it has not proven to be equally so in assisted reproduction technology (ART); whether none of the above factors seem to play a major role in ICSI therapy [10] . The need for other sperm function tests with which male fertility can be better assessed and fertilization outcome predicted still constitutes a challenge in ART. In the present study no correlation was found between chromatin condensation (aniline blue test) and spermatozoa motility (r = .37, p = .77), count (r = .09, p = .43), and morphology (r = .03, p = .08) in either the patient groups or the control group (r = .71, p = .35, count r = .41, p = .91 and r = .09, p = .59, respectively) ( Table 2 ).
An association between abnormal sperm chromatin condensation and male infertility has been described [3, 7] . Auger et al. [2] used aniline blue staining as a marker for sperm chromatin defects and recommended the addition of this parameter to routine semen analysis. Chromatin condensation is now accepted as one of the most important of the numerous sperm function tests [9] . In our previous study [11] we demonstrated that chromatin condensation visualized by aniline blue staining is a good predictor for IVF outcome. In a group of patients with 0-20% stained spermatozoa (G.1) the fertilization and pregnancy rates were higher than that in other groups (G.2) with >20% (79.9%, 52.8% vs. 58.8%, 29.5%, respectively). Semen assessment for sperm chromatin condensation may be particularly important in intracytoplasmic sperm injection (ICSI) where most of the natural selection mechanisms involved in the fertilization process are bypassed, thus raising some concerns about the well-being of children resulting from this therapy [6, 14] . The highly significant difference between semen parameters of patients and health donors with regard to chromatin condensation as well as sperm morphology, sperm count, and motility indicates that all of these factors are important in the determination of the fertility potential of the male. The absence of a correlation between chromatin condensation and these other sperm function tests further suggests that they are independent parameters from one another. Therefore, the current study strongly suggests that chromatin condensation constitutes a valuable parameter in the assessment of male fertility, completely independent of conventional semen parameters, and should be recommend to routine laboratory investigations of semen prior to assisted reproduction.
